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A high speed modem (26) that transmits and receives digital data on an ensemble of carrier frequencies spanning tr 
usable band of a dial-up telephone line (48). The modem includes a system (30, 32, 34, 36, 40, 43, 44) for variably 
allocating data and power among the carriers to compensate for equivalent noise and to maximize the data rate. 
Additionally, systems for eliminating the need for an equalization network, for adaptively allocating control of a 
channel, and for tracking variations in line parameters are disclosed. 
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Tffl^TffiP FTjS[»feSftt5. ^*h/l/^-7*A>tt. 512 
W & B ffi « <D 1 . 024««>FFT.&fc»*>-ri. 0 2 4 ^fl^r 
*> * # A, T S . aFFTKJdtJt U. QAM£#fc«*>i-l, 
O 2 4 &S <Z) * 8? R3 <> 'J - X T ff£ & 2 ft £ . i0f 
-K*#vfcB*ias/y-X01. O 24tt©xl/>> Hi. f i^* 

/u^ravy-X/<y7y4 2 tKtts -rt^ji/Bsrajf-* 

> X tt . 7 7* O ^ / X f~ * A> 7 > /< — ^ 4 31CA »J7t DiT«!)B 
.^«4 8 »>egfSLfc7tD '/ttJBtt. ^>^-7jt^7.4 6iC 

i^TM!l2h. y^oir/^^f^rji/^^— * 5 2 fc fft W n 

7tD ^/ri/'3»yi/3>/<-i» 5 2tt. 7 t D ififi ^ 6 f 
*r A/ 09 1 . 0 2 4 AZJfi?B)i"J--Xf-7^t:8!ftL. C /v ti . 
ft««ia^'J-X;<y 7 7 5 4 tEtt«*i«. «MffiS6tt. 1, 
0 2 4 AA«li3'yU-Xf-7^H 1 2A» (xn. yn) *<>> 
h^T-y^tgfiL. r ^ U . Slg^n^f - X/l/-»<y7y 

58i:ffifflSh4. w<7>8:»«:. e$ra^y-Xic«-5v>TFFT 

^y 7 7 5 Bi;Bia8nt (x, y) r - 7* ;i/ li . f^'^/uf- 
^«*»6 0 tiy{BAf-> t*y t>->-<rV^i:?!ft2A4; 



fctaS^tvfcV*. flfiLtt:. (xn. yn) h/l/tf4 f y 

^-^ry A t «i5t»^ t tt, z\0>'<9h)VtfiTis9t\' : r — f*& 
$e60CJ: »J4 fy Si/-^r^Xt«!ttfiiit tTSfif 

h/< v 7 7 6 2 i;Ei»«iii. S ^ -5F - 5- fy hi/-<ryx 

teMT*FFTt£«<3$5£frR9H±. 1975^N. J. <0 
7*U>t"^X • * — • -<>f (Prentice-Hall, Inc. ,) tc J;U 
JK^nfcv tf 7-{Rablner)&^ © r 7= ^ ^ <g ^ « S <7> 35 Id » 

ffl (Theory and Applications of Digital Signal Processing)! 
£H-r*:S:i8Ucj$'<'=>tv-Cv>*. U*»L/*C3^€., J; E U F FT 

T^itfi «J±lf 4tiIE^^ V.ftO«ft<0»7A 1 0. =7 ■< > 1 
3-70Xtf7J5Al 1. ^-f^l-SO^je^^nfc.t^lC. 

* 4 , XlC % ✓<^^£t<35«WFC07J J 5A12. v^i/35-70. 
*^A13. 5-<>l-70ai;»5A14. 7 ^ > 1 - 1 3 l; 
^^^nfctt«^x-rAi:ai«;»iL*c:i:t>T#*.. 

*W{:g?aroJ:7t:iS»U A 7J & £H ^) « $9 » ^ i . 

«u:. ^cowisii&Wi&fStc^Wi^^i/^juy^xst^oyces 
Uli^T&^^lva. WfcKfnlcfcMTfc^fcii&fS^Xfix^N 
(fn) tt. «&»f ntoM^fflSUfc (SOLfc) y*X«7J 



«a^Xtt9-rvil:i:««:L. CD ^Otfci'TMM 

i: i: E <fc T ft . rj t . ::i:itf^r ATtt. ^ - * 3 « 

:©N(f)tfflglT. «?«&tf*|B*-5rA2 6fc26' 

ja»eo«B^jg4£atc7R«nr^6. ^ 4 »%tt^r nir. x^ 

v^l HJS H T . ftffi^^AttJCS^^ACD^^fciT-fA'/l/L. 
JS^^rAtt*?. 7v*©***3fc*ft. X^yy2H*f^T. 

r & . 

(a) 1437. 5Hz:-3dBR 

(b) 1687. SHzt— 3dBR 

« 2) tt . a*»ffiR»c**OTM3£U. #*Uv>3SJ6fcT?tt. 0 d B 
R = -9dBm-C**J. m tl > 'i^^hTfei, ;n^»f.-> 

Kff^ f Att. £ S* "C 5 1 2 COM fe -a 3 
-AI-27dBRT«fBTa. * ffl * -r A . z. to & S u - A 
fcStti&U. :©a-Ai:t>^t F FT txtrti. 5 1 2 *a to 

2 60«»&yx^ri;a-tJ V^i^y h 6 6 tt . SfgUfcD- 
KO^jflttlS^lT <xn. yn) ffl fc ifc « C . rh6©ffift, 
$Sf8Snfc£$?3 — KC0«»l>^/l/£3i*>T (xn, yn) ffi©^ 

-^-yi/tjttt-r*. c » it n iz ± u . vF«2s«Efca§u-cd>a« 



?$flU0 62-502932 (a) 
? ^3®iai:, «a?f ^26 jy^^tfAze- © 

fS 2> t* . * * 0> * A K J: ft S& <3 t5 ft «e « l- ^ Y is \z 

ttJhfcy-rxe*i:«-j^TFFTt5jtTi. * se & & m a& ftt 
k IS t* ft ffi S L fc (SCgbfc) J 4 9 h/biA^s&ft$t 

ft . ^K^y^xx^y^fciit^ftuT. fflatfionnBts-a^i 

? fc . -t II « ^ T . 5 1 2 0H^H(D«j83-A6, * =r v 7 
2tcov^rat^<fct»«)iiiai Ctt^u^/i/TiSfg-ra. C ^ t f A 
tt. irtfy?&tf*S*H:3-AfcSttft*j. yy2<5«ja*f 

si«fhai;{5^DA©tsitt»r6, c: «> a t . 

^ A 2 6 tt . y^XAt^fi^aA^-^ S:ff?««ffl^lpJH«mr 

fflicwfcTftjsj&^-^fcjRtfor^ft. ^^bxa«:. 

* & & v & & ft mi, to to m x k & v z> & & n * & u< s « x ic 

ffl>eUfc7 r -*'fc«&*ihT*. -t *fe . d «D — # tt . raW^D 

t^»«'J©Aryt/t:8^i>T2i>fi)tfAraT?Ji:tt?n5, 

«tt»u^;i/(02ty h&fflfc;C#«ffl;fr6jiclS#Tft>*fc>5T-r 
*5 1 CO fit D-.-Kffl^|:»^UTiSI8t 6. «T «l * 2) u ^< A> 

Ti5#«fi*ftC2 Ify KfeU^ti^^^tt. 180' ©*?!*# 

tt>fcfeffifc3ffi,fc-2BdBRra-^fcL-c*^2n*. aiett^j 
i/^/i/-e/5«i&ffl^iaii-2^vhis<afe«^u^v>«-^^ii. - 



ZBdBRTO'.roffl^HSIifiOfg^^Ta-KffcSns. £ 

y/6i:fehT. ft? # ^ 5^ A . ^0«i»ift«ift«/>*»« 
IBj&$#tfl&tffl;#&8 : #fcS>ji9 ; frlc2 t*y hi£<3fc|£#-rft* 
$r^r»2CDttffli^D-H<g«-«:«2EU5Ji«r*, C CD fg ^ fr 
* £ I s t ft <*> tt . #*^7 ? Atf«ffi#*;*ia0>y-<X&tf«#a 

ft . «fitf Ai;J:,tj|4?lvfc<g^t«^r. 
2t>©t'yHfcW^|S]tc«|^-rft*ra»Kfi£»fct. 180* CD *B 
«^4ftftf3-Kft?K. <&<&£TCDfi5c#«:. 0" CD IB ft 
ttffi-C=i-Krt:S*vft. 

•r/v-tr. 2 "DCD^-FAiatcifcrau — « K , 

3 o o ft i> u 4 o o«flcDra«j»fi£^^ta^tazju-<yi/<jD2 try h 
i£ te £ «m l . c n ic * y . 2^«tfABii:»6ooevi>/ 

JCrtfy^JHSraxi-ri. 7- r y y 7 T ti . I ©g^f y 
> * 8:t£-rj&j£amft£:«:tt*:'<4rv h |= i? t* T JS » £ & # ft t£ 
*Wft»TH«t5ci<5T$5t'yhW« (0-15) 
;& !✓ ^ >l/ ( 0 - 6 3 d B ) ICMt 5r - ? & A^»gt 
ft. tSoT. i r X' . » A lf& & * x A co H ^ tt . 
tfj^iSfgKiaTft^-i'&fco^tKttft. «.«B&BtfiSc^H|ffiJ9 
t4CtO-C«&fc*y h««Rt;«Z)t/-<;ufctt?*-rft 
■rv ^K^^T^Ticift^ft. 



fctt^T«fflJG#:*ftU*«##u*£#Tftci:cO-USftfc*y h 

ft<. ^< ©.^f y ^ttK«fi:'<TftoTt. J:^ LMOM^Tfift 
^r — ^OtfttfcfgBStCfrJfc^-fctf-C^ft. X. |SI»9-rD-fcA(»i 

tciEflKfcjf^av^ittt^tt^isnft. ^co^-<$>^*s»cojt 
nut. is-waittt^^icsiyax^nfcfcryK^eiit/^^u^^ 

?:»»Tft^teSrSft«SUfc«t-. » W H ais ft . 

* ; ??^£-rftcott- ~A2covF«ggttcofe«-e*ft. fft^«5? 
ica^sttftfci?>tcrt. ; i5 * 7 t v hfe»iHb^^ntfft^^ 
^ . tft iv^jswctt. commit . sm^^-coKcostx^t 

/b><-K»tCJ:v^7^yh«tt»K««ftt£«h--><75^{ftJalf 

XAic^y. j&SS^^aiR^^'fryhco^ft^a^i&fiSlsnft. 

y S ^ > > * JV iz X ^ r =r zj - K $ n ft . ^ ^ > 4; yi/ y 
Xt*. »ffll8f^5!ttt, tK«ra-fe^c7)»«feCfcT$-ttft. « 
«3£<Z>R3«»foicBo|H<Ot:v h^«>ftiv>^«SODBI« 



* . - « II . ^ a •> ^ r A w ft ft l; i «j . >!P8T84»)tfy h 

•x ^ - «H jg £ na. s << x u^^/No&r/«iJffa / o t bota 

Wk'y KfeiX«t5«^i:tt. {S^**«B-jfcrfEb/NojaJt-Cft 
i? K tf ft £ ft H . {BU. E b li , BERfc3r^©BER(BER)o 

«> k fa « xj # * s t r * c * i* ft v> . -etttt. gfsoB e 

Rfe«»-r*fcOictt. /^XD'»«Jlcr4(:-?iit. & 0 « -9- o 
ffl » 2 fi M L ft 1} *v tf ft £ ft i> . 

2fv4*-C.i£«-r — * * fe. 9, 600 bpsS>«:*:©»>e». 
7. 200bps. 4, 800bps. 2. 400bps. 1, 
200bps. «»®«BT'(STStt6. tt^T. <S * * l± . y 

-fXfcifiri^^ic^ftJiiSBTM^sns. '< ^ > *t <z> « »f 

tc T tt . afctt^feHc^Ta^Ssli. S 4 X x * f> h 0> m i& 



TSfiDG 62-502932 (9) 

A * fcf 3 11 o T W Br a* ft S * . t£ o T . v > ft <B 4$ S* 

* « ?a -r? tt . & K*M**ra^©»(ttsaLf:fr*i 

O T & 6 . * « 7 ;u »J X A l± . ^ •* > * ;i/ fc « t?3 * M « 0> 
SAJ:a>:i:T4J:Hf ^ :/ * ;i/ <D tt 2> ^^riffRISIK 
ft ;fr T * . **>*;i/t±. y-<X^^^^J$--Cfc*JgAcr) 

© "C . afflffitt«»(D»Jfi6ai?S, W 6 @ tt . * 3fc *H 7 >b =f 
U X A B T? AT»J>>4Ji3i:r*t(0-C«>5. 55 6 H fc: o ^ T 

»oTfflg?iis. *mJ<<x*'<>?hn>it2! L i&iov&.t>ZP. 
« m *j tfe ft a z> it . k & # « 7 2m:^,-ca^sna. * # 

<D — Xro#K$?ffiy-f XB9RtfBS»UT*^.& - fc^j&fjitfcnfe 
^©"CfeS. * S ffi *i L . * ¥ ® €: * . *)S*7A/J<jX 
A<3fflttttftiftlSBti. 1 9 6 8 *. - — 3 - ^ . J. Wile, and 
SonsaiJK<&rW«J!t»2l VOtSttO fe * » <g (Inforaation Theory 
And Reliable Coanunicat ion) J t. H ~f £ 1S =7 » — (Ga 1 lather) Be 



* jfc « g 2* tt . m. * to 3 — K (^ti 7-«2©fc*fflt 

%rav>r«fi£t?* s^-co-r — # * <a a :* h t u t s fi # ^ ^ 

^Ofc»ttftS«fcfc:*fcr*CfclcWT*4,(BT?fc£*fc#B« 
OTfi < , 

ttftn. t/U*. * # fl? # Si t± . 8iato^T±KLfci-Ji 
H#9/BfJS€ ft «ZMC 6Q AM4flcfcfflv^t2ffg« *v £> t# 

*3S*tt«O**:*0)35f5U:. 3S5S0>*5;DL"Ol'tfS$2<&*fc&«a 
iSi!(ID?f{Bi/'fXl/'<yi/Hi!t6tt«ftO«ffi^X7 0 7 Sr 
^T*»&&UWffi^reft«;&<0^#fclWy^T*3fcT'fc*. 
C0»j§fcti4^«^Htt. 5 12CD«ifc»&s£3£Uftr*ntfft 

e> ft i» . 

* « 0> # £ Uv>3elg«t-fflv»4S^«DSJ^^r&fct. & C5 ifi 

(1) gg«i:»PT^fi/^Xt!8SLtLTi2(«D^Tj|t 
»T 4 : t t: i U S <8 ffl 1: *>M7 4 j/ 7, r a ; -r X i JtJJ T 4 . ^ 
h^Of feffl^to;©7'ot^tt. m 4 B £ U TO w: -P 



(2) ^BaiSifcWiftttKtfu. fe^ftffless (rctsris^ 

K I* . 0, 2. 4. 5. 6 & t/ 8 t* v h ) 0> 5= — Jil/jt^hfc 

«iLtf. 1x^-/1 00, OOO^y hT?««©?-?xu> 
>ht^er4t^5?ft«^^JS*Jtlc^^T^fl5y-<Xt:*39r 
t4»d tl:J:yt7<fi3*v5. ^rBERtt. ««S*vfe*ft2S&cr> 

(3) *.tzm #<?>&<sn u is e> . 7- t> *u * 1, 

ftt)»jfiiri>4f-^xu>>hOtt«?<!D*fi<i2T|ftgL, 

(4) ^-sr^^-yVT-yuui-pt^r. ^^ft^fS5«^L/WA/&^ 
*«<f2i5 2 73 7Af-7*/H:^lSr 4. i*ni<5*{itt. AS 

(5) ?5fii;*t<&4*»<iaai:tEoT±£Xf v7*4(0 
f-?^&««T4:tti UtA h ^7Ai<uat4. 

(6) flffifft4U^ A«iSl*4iT-. l^l8^>:#<ft5jRJtft 

Rlfct. ««!fif *&t/f Bro2-3(0»SttA&UBCWt. 
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Ni - N, 

2 
2 

a 
l 



M P (N, ~ N,) = 
M U . P . & V P t It 



M P(N ( -N t ) 

MP(0-2)*2/fy h 
KP(2-4)=4/ fc* v K 
MP(4-5)=7/ f v K 
HP<5-6)«=10/fc* 5/ K 

M P (N, - N|) 

HP(0~2) = 3/fcT y h 
HP<2-4)*6/ ^ v h 
HP(4-S) = ll/f y h 
HP(5-6) = 1S/ fcT y h 
* £ » 2 0> fc* y K»N,^tgsa^fci«A0-r 

P.-P, 



Mi - Ni tt. f-*Xl/> > hOD8( 



t* v h » N T ft £ <* i; i > a _ K £ n 5 ^. » iS fit A H *, 

* * £ W « ^ T * ^ K « ffi TiJ fig # y a OflBCDQaUKftfeg 

s « a * b tcsiBTWy at*. 

5«r^li4*ffi««^^ W y aT43tf ^^ r ^ t >*;UB 5r)« 
* V & X 6 * & <?) & £ p } ij g X to & * * * ^ . * n 5 cr>«. 

pg^v v*;utJti,rN» = o& utN,= 2 t y ■* u r * * > * 

*AC»ttMP(0-2)«2/e?K. *Y>**BK:tfLT 
MP(0~2)«3/'trvhTft«*»6-C**. -tivft, '^^xA 
tt. 4m{4C5ttA«rWJJtiftA^»ya-c. 2t'v hr-^xly^ 
>Ht»»iSAlC3~K^U. ^«^<D«tJ8$feNT^ibNT+2 

2t- 5 rhfc5En«io-r4«^ t cli. »H5aftA^»u-CMP 
(2~4>=4/fc*y h-C^.^>^--y V * ju B H**LTMP(0~2) 

$/J*?Att. 6*ffiO«»&»S«Bl:fi»j^T. 2 fcT y h -r _ 



n fc * . 
^ H S> £ HUH £ £ . 

U*. -OfcXhy-^Att:. 0. 5d BBXf .^■e«9> h j[[ 
^T^i:©|III«)fiflS<fg^^> hl: L Tfl , v ^ hit - OP 



jlJ^STti!:. m-^^U-C.rt/MPCma x ) * y <£ £ X 
KC. *JfflT*tt**7jtf*^*18;0W^L,MP(rn 
MP(ma x + 1 ) »c ^ U « ;/> «Jflijat6*li, 

3 T * fc* K Stf J8ifc * £3** * . y^x* 

* * « 3 O ft tt . MP(m« x ) K ^ L ^ />. * tt * n * y , h ^ v , 

P Cm a * + i)<3ffi#*n*TWy3T£*vTv**^»£tCti. 
MPCms x + l)c»l^«»«!)4#Hijat6i;6. 

T * « £ K rt: . S f9 L afc £ i 0 2 4 @lf>^i;>^t4Cl: 

# ifc R T & * . 5«rblitt4 KH j t« y . t£ o T , ^-f^^h 

<3*>^y >^*tt» 8000/&-C. *>^/ura<»B?fSi-*>>r 

7 -fr y h 1 2 5 -f * D f* 1? « & . 1* , T . £V>zf »J > 
^fflttlZ8S.;tl»t*4. n « IC . XfgFFTIl. 1024 

•e * & . 

414 37. SHz©fl8i*)Bf£# (01 o^-f sy«r«*> ox 



— 10- 



n 2 s yttsrawjKx**. 

RlW3'^«>^f8-*Xt/JB2<7)y-ri>'4f{g^ {168 

?. 5Hz) et . ^;tfy^v-?tc*^xfa**as/.e{i*atf-tfoc9 
tKJSXi£«*n*. 

« « * ^ /. l± . B? KD T EST ic X # 5 > 

f « 0> *B fc ifc «T * . J31 £&2 0> if 4 $>y«^Rai=25 
OH #1 25^-f^D%Vflr>B5rait>^^/ 

* 7ty n:»f u 2o»«t(Bli: i i ' coffita-rn»'.£c-a. ft 

Kfc*fc«»*Ctftt^fett«S*tf<S*X&* ( 2 5 O 7 ? D «) 

•PTEST6ftiEt6; fclCi »J . IE « * * -f 5 >y«15!T 0 &ft2 
t 4 C t ^ t 4 4 . 

H K BO © EJ H 1* v fflttBfcteSifcttfflidil^v F 7^*>i:J;, 
T»jgiiv5:i:Tfc4, z © ffl £ J* , a 32 ft , VF«g 
«t © » £ IC . ft 2 i "J«»tf iMi*lvW±1?* 4 . jg tc . dOfit 
ffiiSJgtt. 4 KH x ©«fflSFtfi©J8W5fi-eiiigL < JS <t T & . 

ft f . . finAtf fi.,C3"30a* 9 0. 9 2 2* t/ 9 4 # £ 



«^Oa62-502932 (11) 

b * L tt # 6 , ffl«9 2&i;9 4 (0«^i6O«^fl)ft*tt. 

j£ H . 2o©ffi*i;iSfi?KfcxjJ{ y ? xi&l/yilCOPT 
& © I* . ^#<&4'^ttifilca&*(3^9 4Jb3>J82£^yi6D$fcflS 

tfi/^'J^f-fV*-^;!/ A 5 -^ * © B5 Rfl -< :/ * -/</I/TiT 

ify^'j ^'/Tiii i:t*««ani*^i;it. £ ft* ft n * 
•^A^^ru > ^ s n & . 

tttftti/.x^Att. fcfflfciE (3? ft) ©WWSrffioXtettSi 

# 55 «8 tt . - KB* fia:?*--^;, hfcl?§v*X3?ft@SS 

«©#3?ttfc#*Bfc-r*4j©X*.6. r©7*-7y MiJR9@ic 

SB @ SrKBJThtf, ^Rli/'J-Xxi. yiX^zilCJ:, 
T#^JSfcSn/=IB. 1 . ?B2»t/fR3<Oi&«K^A»5cS*vr^i 

C © fi* X tt . K-*5-B5fBT«#l 2 8 5 M # X . ft*ttffli£«gTPH 
8 £ 'J»t'J&5tfiS2 1v5. - K B? R3 ft tt . 1 3 6 a y 
8>©Jc;tfy*fcS«>*.«*if. JBl i 0 ( X i ) Ul *? 

ox. E^^fttt^BiU^x.-XM^ttyjgsna. 



i^fy *©•*>:/ y>jftt, rf~KP*raai[j&©*tt© i 2 8 

^fl)ftai7*ni!X«ssi 0|Bi:SJhTi»4. # 1 0 @ ic 
OX. yifiW^i'WigC f . t. «#<BA8tti&0>X.fcK*?tt*3g 
l&tfJB2©2f-KB*!fflaftJBl J O&t/J 1 2^»iSnt^6. 

}*>©j&#xi*y. f»tcj5tt*jft#u. ft&icgi*r*j&#T 

fc*.®lO0Ui?nx. f,©R2©i£J&ll2W;. f ^ © JR l 
© tt & 1 1 0/)S5f3©lC^J9-r*^faTD&cr)K|raTo+TPH (8 

5 y 8? ) cft@eci8«t&. :^>i$raTo+TPHi:i 2 8 5 y 
#©*>:/•; ^yesastfrattsn*. t£ X . f , © £ R ^ X . - 

X, D ,,Zr^->^y V if S *v * . *©g2-%-©«fcJ©8 * y tP A> ?$ is 

<a « *v* © x . f.^^a^fc-tn/^yv^sn*. 

X. EtBSflJf ^<>^«!in5. f,0Jg2Ef (yi) © 3 

# rt . (xi) ©£«>©8 £';#©?§£ re k*^x. 8 % y 8> jg g 

2 n 4 . t£ ^> X . f,©38 2S24f-©$fc<Btt. f,©S&lE^©»iR 

8 5 y & 0 *f - k b? r<3 fit . ^^^Awfieffl^eg/ir^Bafc^ifi 

(tii:©«.fett6 5t«^t4i:ge^n. r © a* « 4Mi . && 
«> a . 

X ft» IC. #t © » i£ to K o w> X li . aM^Dir^4JlCiftai$ 



X & {& © 7 7 ^ * K«fc y #.£©**> Ulci!Jc*6JK#*&S . 

tt-st, m^t±. ieiisic5K2nfcges-^>^i'-hfcfflt*x 

f 3 - K S A 6 . 
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